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(54) FABRICATION OF THIN FILM PIEZOELECTRIC ELEMENT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method for 
fabricating a thin film piezoelectric element in which a 
cavity of desired shape having uniform depth can be 
formed with high controllability even when a compound 
semiconductor substrate is employed. 
SOLUTION: An etching stopper layer 8 and a first 
semiconductor layer 9, having a higher etching rate than 
the etching stopper layer 8, are epitaxially grown on a 
semiconductor substrate 1. An insulation film 5 is then 
deposited on the first semiconductor Jayer 9 followed by 
formation of a first electrode 2 f a piezoelectric thin film 
3 and a second electrode 4 sequentially at specified 
regions on the insulation film 5. Subsequently, an 
opening 5a is made in the vicinity of first electrode 2 and 
the first semiconductor layer 9 is etched selectively with 
respect to the etching stopper layer 8 through the 
opening 5a thus forming a cavity 6 beneath the first 
electrode 2. 
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[0 0 0 4] ««1 (O&Wmfrb. 1 Sr K 
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8B5 a Sr^lt> £©g8PSB5 a^?>, 1 iV^-v h 

&6*tSH}Z>X7lzLX%,&.$ti2, 0 BSPgB5a 
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[0 0 2 6] 2*:, ±E>iRff«S^03Sa:fr8:K:fcv> 
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it Art" -tE»l«>*«T«©±.BaHR*x 
sfv^tilfii, ±EV'^FiR*U, ±E^ 
•yf>Wll/y7 h^tSHtfefiTWciBRl 

X. & <fc "9 CLfctOTibi. 

[0031] ttz. ±&mmmw.m z i-<om&ijmizt$\,* 

X. ±E»lO*B«r»j*i-*iao«r»w, ±E¥«# 
t4Ui:, ±S«liR©±ER 1 o«cicR«-r«m 



10 

K£Vt|=tt|ftf- £2©g3PSB*®J5;-*- 4ISt 
ISVv^ H±±E^l<7)§gpgSSrad idtS: 
VbtiXis*). ±M3-?1->if\U ±E&«^M<D±B 
S&2©BjPSBF»9U®tilLTV>*^ig.k 0«T;to*U ±B& 
SSIgli. ±Ex7f'/^i«, ±EH2<DggP86rt<0^ 
LTV>* i i: Lffr -5 XilZ Ltz & <OX$> 

[0 0 3 2] 

»BoW(iO»B] 

Jtff-WRiS** (12) (1) ±t:x-y 

f^h»/<i (8) '*&0trrzxmt* gsx?^> 
yxhv*m (8) ±K, 

(8) J: •? t-x-^^-v^W- hOiUv^ 1 ©#gWf 

JJr5e©«*KR l <7>«ffi (2) iiitilgt, ^0 
lOSi (2) ±UjE«fc*R (3) 4f«t4Ig 
.tBE«#SR (3) ±K£2«D«* (4) 

tsiit, ±bri©«« (2) ffi^^m 

ERl©#$#Ji (9) ±B»1©«« (2) UK 
(5 a) O-tER 1 (9) <0«tS 
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ureas (2 5) *%.m-rzj:mt, mmu (2 5) £ 

S&tridK. ±te^«#*« (l) i:»Ltiyf> 

^w- hons^mmmfrbKzm&z-m (12) & 

S B B B M?^SIgt, gUIii*^ (1 2) XO-SBO 

(1) <omM±kizmi<owB. (2) £®j£i-*xe 

(2) ±KEm#*& (3) 
41st, ±iesm#»ig (3) ±k*2©«* (4) 

Sr^i-^XSt. _tIS:ffl&*Jf (12) -5-<7?±E 
S&KOllffi (2) **^Sitrv»*v^« (5 a) 

®tf^±i£g« (1) tcWur^wic^y^v^Lr 
(6) iteis.-rzi.mti'StfMmt Ltzi><ox 

Mi, S&*g (12) (1) KttLxmiRto 

iz^v + yyvx^mu (6) £UfiEi-*£ta*r-§, 
*£»-^ai?Sr*-r-&^rS<O^KSr«x./c^pg5 (6) £ 

•Mutt* < § s&KfiEm3? : F<9Si»iI;>jft£«ttr- 

[o o 3 6] mmvi&ms. ttz. z<r>&m<nm.m<r>K 
m5 izmi,mmKm.m : ^<om^m mD a, 

(1) <r>m.W<o-U<r> ! fc®.*^y1->7\zt. 
LrCDSB (2 5) iMfSL-tZHmt. SEEDS (2 5) £ 

(14) Sr^jS1-^Xet, m&i&A-m (14) ±<o- 

(1) <Dm&±tizmi (2) 
t. mmiow.m (2) (3) «r^-r 

*Xgi, ±iEES#?SK (3) li:»2«lt (4) 
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iT&lSL-tZTMt, ±ffiS&*Jf (14) Sr, -5-<D±f£ 

Sioti (1) #jgjj2snr<,>fcwgi<£ (5 a) <om 
iBfrb ±ib*« ic^Lrs^wic^-y^-v^Lrs^se 

(6) £®)£i-*Xgi*^tr*j££L7tfc<Dr-fciK 

<>> n&z-m (14) (i) ^Lrs^wici 

v<f->yLX&ffi& (6) ZT&tiL-lrkZ. ttfX'Z. £j- 
^SS^^i--&mS^^ytS-tBx./c^SeB (6) *«lfp 

[0 0 3 7] Ii<0lffi6. z\<nW&<0% J fc<0% 

M6 iz%^mm&mm^<om^m on 9) 

&K (1) O^MO-gCW^lc^ 1 (2) £3£ 

^i-^XSi:. i^lOU (2) JtKEm#S$K 

(3) £JgJl2-f &XHt. SBE^ttSR (3) _tK&2 
<O^M (4) ^^1-^.Xgi:. §?f&2<om« (4) <D 
OTcgricOWt:, K3l2<om« (4) XIEK^ 

#*k (3) t, ±fes&i<os« (2) timmLx± 
&*mwmiR (i) ogistcai-2.s$^«x.^«sc<o 

20 ;»3?L (1 5) £J£j£1-*Xfii:, ±fSj:a?L (1 5) 

£atr±.fE*« (i) ©Siii7f>^ (23) l 

r, ±IE»lom«l (2) ©Ttt«c3*« (6) 

«gc«WS?Ll 5SrJli:r^l^ffi (2) <OTU 

<om^L (1) ^yf^m-t^i, mmfflx-g. 

PSP (6) ^Mtiitm, ^Sd^-r*^^ 
(6) ^#-&it**r^4i:i:fetc. (1) <0 

4) <0/h$v^jRgB (6) «rfiSx.fcSlEltf*^S 

[0038] nme>i&m7. ttz. ^^^(omm^ 
m7 Kmz&mE.'z.mwm&iim mi o) 

(i) nmwo-Roffitsuzm 1 <oss (2) * 
Kfci-zxmt, i$i^g (2) xtcflE^sK 

(3) £i^-t-&xei> (3) ±u»2 

©IS (4) fcJgjS-f &Xgi:, ±IB*« (1) ^>±IB 
miomM (2) ICKS-r&^ia^-gB (5 c) SrSd 
t. s )\ZVV^Y (2 4) «r^BEi-*Xgt, ±15*^ 
40 (1) «®<^±IS»10^S (2) 

<0±IBUv^^ Y \zttft-f Z>W& (5 b) JilE^l 
<0«ffi (2) T§BO_tfE&« (1) tx-yf^mi 
St, ±IBUv^.h (2 4) «r^*Lr. ±fS-^ff-> 

^3i*S[Uv^h (24) i><iscvbthx^tz±mmi <r>n 

m. (2) CSStift (5 c) Kit Lrv> 

Y), iyfvmiOtl (2) (5 
c) i:SLTV^it^SltSicT\ SgpgB (6) 

<o%.&t:m%i l zmw-f z> z t **r-^ z>ftmn%ktfi>z>o 

so [0 0 3 9] 



(8) 



&ffi¥ 9-83029 
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mmm 

mmm \. mi \**&W(onmm i ^i*»K£ES^ 

w-mm (01(a)). i b- 1 trnzi-zmmm mi 
(b)). c- 1 cmzxzmwm (hhc))-?* 

S. li:iv>T, 1 liJP£ri*ifr6 0 0 M m-C$>Z>¥&& 
&im 2 A hn-AtWx 

fHHKl. S.U f ^10^*#^9<7>^i:LT»iGaA 
s SrfflW 3^vJ->yx h 5-^S8 0^t LTIi I n 
G a A s , 1 7t»±A 1 G a A s Slvxv'So 2 li-?-<0 
¥®®tt* f -iad* 7 0- 1 2 0// mt *^>iE^T% W- 

?i { ioo o*>^^. h n-Aggr-abaft l <dW& 
{S^lfT i RtP tK£o!RJ|jR (T i/Ptl) 

>&S& (PbT i 03)^t>**EEm#»RT-. *co4feo 

LTliA 1 N, ZnO, CdS, L i N b 03 . 
MLiTa03 ^fflv>t<)J:v» 0 4 tt. JJ£3 s ftl 
0 0 0*^hn-AT, -*-<D¥ffi?&**c»±— 3d* 5 0 
~ 1 0 O/im-C^^jE^-eab^T i/P tlf^tii 
*ft 2 5 JiiP * Fd-a 

•Ci^S i02 iNffrfj^SKi, 5ali£<D 

#fe^K 5 to ft l oil l ic gtjg-r & icjgR * PI 

frfStt^v^SoaEKEEm^ LT & «fc v» 0 6«±E 
ft 2 «9.m«-4: 3 t ft 1 <0SS 2ti<14il 
«c0T^Oft 1 9 Kttlt t>*L&£fltt-C*> 

[0 0 4 0] S/c, B2ttXtt*|lCJ:**KBEttX-7- 

[0041] #.iz$i&i5mco\,>rm.m-rz e t-r, # 
•#if i±K*7f>w h vims, ii^ift 

ftio*^^9±»c cvd^7 Affile i 19 mm 

«, *>«v>li*s<y jr&KJ: >)ft 1 <om«2 fcUj£U 
(12(a)). 

[0 0 4 2] ^Ot, «8R 5 , ft 1 WIS 2 , EES* 
&R3, &IF*2 0VC4 ff>±U*U*JX h (Big** 

•f) r-sv^ wnm.w.im*m^xm 1 «i§2 Kg$g 

LTffifl 5 £ R I E (Reactive Ion Etching : RlSte 



14 

* (gi2(b))„ *nmmi iz&^xit. zotunusa 

Sr. ft 1 <01I2 *^-L.fcitfi|+ * 2oofi(i*tcttltT 

[0 0 4 3] ^v>T, ±fBl^v*X h£rl£*LJt&, 
v»iiHt*ii"n!*Lfct * , S i N^<D*&fiR5£3iR^ 

fc^J&LTgREEmSt^W* (@2(c)), :©x-;f 
io >rt LXiiTBGmt&mtkmfckimmeiB.'kitx 
W.'&LXik&m.&feZm^tzV^-y hx 7 fv^ 
vf->^*ft***ttJ.yf->^K&* J: dfclttLrt: 
E C R (Electron Cyclotron Resonance) i7f>^ 
R I EfOK?'fX7fV^noilOf*fti9 
tjL^f-v^ h 7 ^® 8 i oH-et»t:S«tt*t t 

h y/N-lf 8ri*g£tt<bitTV>*/.:i6. gtS^C** LTI4 

£ <7>X- 7f>^h7 ^"Jl 8 <Ofi«T?^ - 7 *■ > if\tW± 

[0 0 4 4] ^IC. ^KEES^Oiftf^tCov^TSi^i- 
5. i-f, gi©SS2tf20^i4ti:/'t-fr^t 

Wtt«**.i:&o -<05i^**ftlO«ffi2kft2O« 

[0 0 4 5] 1 OJiREEmX^OSjlt^FSK^ 

1 9 Z®lfXis *) , ±ffift 1 0**#J1 9 *■ 

ItAi^CL-CV^O-C, ftl<0***S9WBii 

mc^vi->yi>- hX'Mft'tz>^vi->yi)* > 

U -J-O^m, ft 1 2 OT^Oft 1 <0#-S#® 9 

tm*. itttctK), ftio-*«#@9ojp??-p 

;©x 7 f »«1 OSMk^ft^(fi]tci3 

v»T lift 1 co^s 2 <oTS6o^&;£r6j&*1-<o;fr [fij K t jt 
tfi-40-C, _tfEgaoSB5 aO*l «^3Kfti-«ttS 
so (±, r*i&/ittft 1 comS2cOTS50^ai5#c7)ft 1 CD 



(9) 
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*m&m 9 0*lC^D865 a^fig$tL& i^ISLt 

[0 04 6] t fc, 1 K£v>T*±, IS 1 

ttB 9 ^StRESSi^ *>&*<9-SU LT«H^i--&^ 

*8 1 <D*m#-m 9 **> G a A s ^<D<ffc^#«#T* 

[0047] :<DJ:? 1 K i *Uf. 

9=sr^j£t, mi<D*mitm9±iz&mm5*Mf8.L, 

tmm 5 <D#r5£©ffti£±K8 l <r>W& 2 , E«ff]»R 
3. »2©^t4«iL, IS 1 oms2 

k 5 tzmnu 5 a tiattfcH, ±e» i 9 * 

[0 0 4 8] HttM2. ■ 3l*:£8B!«>JHfcM2eJ:« 
*©««**-r¥HH (03(a)), III b -III bttK 

xi«ma (03(b)). rviii c-m ctctsi 

1@ (E3(c))t*4. Bi:«v>t, Blti-#fli 

[0 0 4 9] ffc, H4(i*«9lO%lfc0l2t:J:&*K 

•B 2 -tB -flFf-tiffl - * fc li« 3 1- * * * L T * 
»K 1 0l±>f *>ftA««, ISttmK 2 1li-f 

[0050] i<ofiw«3Hife«i3 kssseresss-?© 

^J6. lOSISt 6 fcJgjA-f &Wt£, * 
>&A*LT* tt&Affittfc&A£*iTV> 

© * * >&a * *• > \*&&m 6 

[0 0 5 1] *tc«a*ttC-3V»TBllfl-j-*. 4 1\ m 
4 (a) IC^-f i ? K, S« 1 0&lEK5JlSJiKtt«*JB 

^M3 £Jgj£U :©Uy^ h 1 3 t LT„ 

i«101JJ:D7^'/ (Ar) -*>, (B) 

** (H) (0) fO-ft>^A2 l«rff 

W Yt'/tAiai0*Mt5, £0&Ali. Sti- 
le e Vfrb&^k e VO-i-^;v^r--C&IHCipltTs 
«fc* 1 015 C m-2£L±Off K-Xft X 7 izftfrti 
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& 0 C:©>r*yi3=A<OggS»if«SLJ: ? ti" 5^196 

[0 0 5 2] *£v>-C. 1/-^ h 1 3 £Bfe*LfcgU 
l©lcffiK*&*§R5*I^U ±fB'f*>ftA^«il 0 

«1 0±<0®Mlc^^-> ^fe^icj: *K flE«tejfR3, 

su r ^2o^;S4 *m#M&-rz> (04(b)). 

-<*>&A^1 0±O-S6<0^Ji»cli»l ©mffi2 
i: LT, $10112^'ft>ftAWl 0 £3r5e©:fr 

[0 0 5 3] ¥Sfi)ifiMi:J: r)/-c^-^>^ 

L^U^h (0^-fr-T) £fflv*T, RIE«£J:lK 

* >&A®*£ 1 0 JKO-tlESH 1 ©SI 2 J: ») afcfL 
TV»4:v»«l*«)j6|»ii5 S'EiLT, K§P8B5a£J£j£ 
1-4 (14(c)), fci5. £©§§PS65 alii?&liR5 £?£ 

[0 0 5 4] SMC. JlIEI'v* h *^*L/c^. $>2> 
^PS56 * (IB 4(d)). 

[0055] *HifiCT2 iz&^xit, 

*) > ^ B B a ^.RI***A ^ *U ■< ^ >ftAI« 10t-(*V 

30 .&x2tix\,*%^ffimb<D^vi->ii r i'- t 

ttA^l 0 «riSl©^i>SA?lfCv>iv>ISii: 
^Jg^b^TlcOS^^^fflV^ ^OMlfcfOx-; 

ZM1R&}\zm®&&< x-yfv/tiiti'TiS, 8e 

y ^ > ? «r ^« 1 <o*® k 16] *> isifti-r * - 

A®i£l 0 ^^*>eEA$<rTv>iv^Ja<D^«l t »c 
Lr+^»cg^^*-t4^ y 1- ^ > h X-bttiiiKO 
iT^t^ilv^tiv^ Sfcx -f*>i£A^*Sl0 

1 <n*<r>m<D%mzK Lxm&mzx- ■? * > yx 
i4X7f>^fttfejiii V9<t 3-vT>y 

50 V> 0 



00) 
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[0 0 5 6] ttz, *nt&M2 KJ3V>TI±, *«1<D^ 
M t W * > ft A $ fix v» * v^J£ t <T> MIX*, v * > V V 

[0057] ^<oi.^\t^mm2\zn^x\u »«i 

Affi&l OSr^JjKL-CSi, mi<K>W&2, EVflcffK 
3, ^2<7>mffi4 *1JJ£L*:&. JtB-f * >aA«*l 

3fc**J8v»fc»*Kiiv»T*, *&-4«S*fll;trt:jJrS[ 

©jBtto^iPiiRtfliAfcjtRffimx^-iw&i tars 

[0 0 5 8] Htfee»3. B-5(i^SI9iO|IMifll3KJ:« 

*RE**^©»it*tt*s-riBrffiie«i-c*»K hk 
uiso, 2 2 »4*«*oa:tfc, \ wmtm.2 2\zz 

[0 0 5 9] *?g!tfli 3 0*jRE«9HFoajft*ttli, 

1 1 *-V^LT2iH«5 6 J: 3 

[0060] *tcsjft2r«ttov>-rn9!i-&, t-r.m 

5(a) KgrfidK. ««1<^*M»C, SIRff6«:^j£ 
-t*««±UrtP»**i-*S i Ne«>Jgi|tR*fe&& 
SfclfcT** 1 6 *£RU :o«ft7X? 1 6 frv** 
t LT, IfiKOlJi •? Z n*«>2ftK4fe fr£tr:(rx* 

Zo £<9£®tSS£li£j0. B/zm^intn. 

i3> -<0ffiffc2 2 t Utti, ^»»*-S-tr^«:fflv>/t 

n *lt*S*fcv»fl|i*C Zn01tSi02 RfcR** 
/<?^fti:i &Ki * 6 0 otWti - 1 

0Sc^raeK«j#i-4ittcJ: OffiSt^-fr^ct^-Ci 

[0 0 6 1] *v»T, fegcv*? l 6 *K£Lfc&* Jt 
E*tS«2tW*C, 0 5(b) izmmiZA/lyflk 

«\ mm^izx*)mi<omm2. mw.&mm3, Rirm 

2 0St4 it&XM&L* 11 5(c) (Z^i-±9 

RIE»C1»I, ttftflWl i±o*ioit2i: 
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a*»RU S&K, HOSB5 a rtCSU Lfc&ffcff* 
ftCUfe*L.T^S!»6 *3^JS-r* (05 (d)) 0 iOx? 

[0 0 6 2] **ifc«3Ki»v»-c*s ttttffii* 

1 lKtt, fittfcicj; 9 *S B B B *&l#iiA fit* 

V^tt-C**ltf, «ix.lfK7'fX7fV7f<o-f-<Oi 
©X7f>7tftffflv^i^iat() ivs 
[0 0 6 3] *7t. *Hlft«3ic*v»rii, ifii<o$ 
20 iBO-«BC^#e»©iitft«*l 1 *»J«Lri£»«*i: 

G a A s ¥<0^©*i#T* o T t y 'J n V t 
*oTfcftlflM£A<£fltt6 *^i-*-i:* ? -C§-& e 
[0 0 6 4] £<&J:3 K#HJfeei3Uisv>Tli, £«l 

JgiAl-r£&« JfSl<om*2. E^I13, &Cf«2 
©*«4*JBRLfctk ±SI£tJ^«l 1 *I«ttCx 

v»fc»*K*v»r*, WPttJ:<»iitx7f>n 

mm&mm* z. tvx &z%bm#$> * c 

[0 0 6 5] HJ&^4. H6«±*«W<D||JSW4KJ:* 

LXiS *) x 1 7I4S i Ne*&&&3ttRftvX? > 1 
40 2 1 CM L ife^x 7 f > / u i ») I«»ftx 

5i±GflSB-e*s 0 

[0066] *nmm4 <onm&m.m^om^m^ 

it^S^iitrJ: 9 l-*#flt*t3R-*t>44aii*S 1 7 * 
J&J&LXteZ^ 7iSl«H2, ES 

50 ftSI3, 5.y f »2(O^S4Sr©^L7tfttC, ISli: 



(11) 
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[0 0 6 7] x.izm&Js&iz^xm.mi-Zo 4T, si 
6(a) &«i<o*mk, ^muezi&is. 

■t*^«±lC|gpa5«-*i-*S^S-vX^ 1 7£J£« 

Srffv^ £iEg66 *Jgj£1-*SIi£<0*«l i^LXm 
£#&0. 5 A /m~& A «ni-C^)S[H]gS2 5?r3ga;-r* 
(EI6(b))o BU2 5cO&igcoJ&:K«f?#«&**»t 

tc-f^o £co*«l <OHSB2 5 «ra*^tf J: o 

MOCVDitf*fflv\ ±tas^ss;s-7^^ 1 7* 
■7^ ^ t L-Cia*@ 1 2 *fef a M?*& (0 6 
(c)) c £<OB#, 3#?j£ftT*?l 7±tctiS^ftlife 

[0 0 6 8] &V»T, S*?fiS;S^^^ 1 7 S-^*L/w 

&cr«2 0«fi4-«rJH^AU 3fcfc, U6(e) 
J: 7 fc, R I EmiZii *K 1 2JtcOl&l (Dig 20 

2KJ:<3SfrftTV»fcv^&<a&iifM5£l&*L-C, 0S 
□gB5 aiMf&L, Zb\z, ffinU 5 a 1*3 KBffl L*a 
&*Jf 1 2©gli>t.x?f>nifv\ a&*@l 2 

[0 0 6 91 ^HifeflU KfcV^TWU a&*Ji 

* * ti&frh 4 * « **^?BgB 6 t 4 * ffitt H^*i>a 

WH. Milf, *«UUGaA8tffiv>0>S 
*£\ a&*S 1 2tLTA I GaAs^I nGaAs 
Srfflv»*t, HClJRCijflrVFCllJURttKi 
■7^v^*»nrH-C*&o <!U -cob#, BEB#»K3 4: 
L-tf?>K® (PbTi03) *Jlvift££OfiEttflc 

-g\ a&*fl 1 2 t LTA 1 G a I n P ^ffit'ih % 
S (H2 S 04)*Ox » f t > H: J: •) 1 2 O « 

r & o-c£>*uf K^'fxyf >^>>X7 h^-^^- 
[00701 *?t, *nmm4 c*v*TMt, *«i<os 

oi?i:LTK4^ £jfiffi 6 

1 tf*, G a A s §<Oit&$B*&ft-eb oT4->'j3>t 

*oTt$iJ^tSA<^pg6 6Sr^-r-&ia:#t t g^o so 
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[0 0 7 11 £©J:dK*5liMI4Kiiv»THU &K1 

£IMg3, »tr*2«>**4*»jftLfclfc, ±E» 
Mil 2*a«fl&Ki5'f->^LriBs*-r*i^ KL. 

»ttt<S«l*x 9 fv^LT, 1%-%mZiG1-2> 

[0 0 7 21 Xlfcffl 5 . El 7 li^WO^tfe^I 5i:i4 

*v»T, El 6 tm-flF^-ttm-i fcliffl^-r^Sf^-Sr* 
LTJ3»K 13liU3>*K 1 4li¥*#*«l fcttL 

«r*£*«&*»T. «£tfA 1 n^tOWS&JE, 

* * v> »± £ ti h <om\M T- £> S Z n O « V^P, it * o 
[0 0 7 31 **««'5 OW«t£E«3R^-©«j6*ife«i, 

±B**« 4 v>tR* UfcJIIEI»?oM*ft 

£4&«S&*JS 1 4 t»«LT*i, ■KO^Jgaii* 

* 1 4 <saffi2, b=s#*R3, 2 <oms 

4 tMUtti:SKe!li:x7f >^LT$IfflS6 &J£ 

[0 0 7 41 ^C»ji*ifeKov»TiM8i-*o tf, El 
7 (a) tc^i" J: ^ ic, mm. 1 Otfi:$fl96 *-Jg*+ 
4*«±C||naittt4S8ftl ptmOl'VX h 1 3 

LTi^-^v^SrffV*, ^pa6Sr®S:i-^»41« 
OlfeKl *r«6*Lrja«2-5*r3ejftt-*o 4*5. 
AS S lift 0. 5/<miU CDSS2 5 <0&W<Dm?iltr~ £ 
h till* y * n i:44i^tcx:^f->^Sr^ 
U^Ctic $?>tC COEIS62 5 *a*ii 

triple. IgjiKJ: O&Jg, ab-avMl^JR^b®* 4 ^* 
*aii*«l 4«-®fiE1-4 (8 7(b)). CICORf, UvX 

f 1 3±i:fcffi]i*il 4 amis.* wcoaa* 
€ l 4 livv* h l 3 «rKt*-tsc: tizx *)>)yh*y 

(ei 7c)) o ^nmmsiza^xitvy k 

*7i:i *>adi*« 1 4 =S:^IKLTV»4**, l/'^M 
3 CDttfc ») »C±gEHJfeffil 4 <0 i 9 ^ Sr^ 

g£L, dfL-Sr-v^.^ t Lrfflv^rS«?CVD (Chemical 
Vapor Deposition) KJ: 0 5 rtO*.(caMS 1 

[0 0 7 51 ^V^T, ±EmMs,9H tmm-s El 7 (d) 

2. E1MI3, XtT»2 0*«4*:J|[*«JSLs * 
K» El 7(e) tr^i-^^ic, R I EmzX *) . aii^S 
1 4 ±<0# 1 com® 2 i «)afcitTV^V>^<0«feS 



(12) 
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[0 0 7 6] #Hi&fll5 K^TIi. &ii*Jf 

«fflv>fc9*i' Fi7f>^CJ: »)S*;6<jlc^*^Itg 

G a A s £fflv>T v>£*£\ &m&.&*-l§ 1 4 t LTA 
[0 0 7 7] ZOZ 3 ) K#*jfctfl5 K*v»TI4, *«1 

[0 0 7 8] HlfeM 6. 18 tt*ftfiOjdfcff 6 K J: 2> 
«)*fiift¥IH (0 8(a)), VIII b -VIII b ft£ J: 

zmmm (astw), xtrvnic -viiic*siK.j:<&Sr® 

0 (B8(c))T**. BK*k>T, HltB-fffliH 
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-#^t±l^-££liffi^f &&#£7FL-TJ3»K 2 3li 
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m 4 ±<Dm%.<omm~w.&. 1 /i mego^&oispse* 

SSI©i-;ft > h Jlv'ti^fv/U f HOI 
€2 £ K7^fX7 -^V^U R I E^i;<fc l}ij&SiK5 £ 
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ma?Ll 5^itt:ffoTv>i/:tt, f£3feOJ:3trJ|Sl 
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;fr[6]-x£>-<M Ki^^l" &- 2:K.fc »)^SS56 £Jg 
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6 co^#bW=>tt& J: 9 * *> <ox$>titf f <0 i ? & 
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0(c). 01 1 (b)K -tfE0?IPg&5 b;J>(b¥g#g«l £ 
xy-^>^LT^SC6 =Sr^-r-& (0 1O(d))„ £<0 
W>*X h 2 4 *i*LT, KPS8 5crtcO^«l 

6C03&j££5tS1-& (01 0(e)) o EP*>. £PSS 6 
J&LT If, ^fflS66A J gaPSB 5 c F*m&ffiT-#. * 
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81 comffi2coT£BK&fi1-**:s!>. £M65 6* S ££K 

iSA«*-o^o LfrLtt&b* *n*feei 7 ic j: tux. mi 

comffi2*^L-Cit|6]1--&2ocoraPS55 b, 5 c itSt 
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